The beneficial effects of feeding syrup of peaches and pears (peel and pulp) & green tea on the restoration of the changes produced by feeding high sucrose diet on plasma lipid profile, plasma antioxidant activity, and antioxidant enzymes in red blood cells (RBC) hemolysate were studied. High sucrose diet induced hyperlipidemia as manifested by significant (P ≤ 0.05) increases in the levels of cholesterol, triglycerides (TG) and low density lipoproteins (LDL) in plasma from 103.33 ± 1.8, 61.17 ± 0.48 and 26.6 ± 5.01 mg/dl to 136.67 ± 2.2, 81.3 ± 1.5 and 64.6 ± 6.5 mg/dl respectively. The high density lipoproteins (HDL) level was not significantly affected. TG levels in heart muscles increased significantly P ≤ 0.05 from the level of 194.14 ± 4.35 µg/g in the negative control to 269.72 ± 5.39 µg/g. Administration of fruits syrup and green tea resulted in a significant variable reduction in the elevated levels of cholesterol, TG and LDL and TG in the heart. Administration of sucrose resulted also in elevation of Malondialdehyde ( 
Introduction
The health benefits of fruits and vegetables consumption have been confirmed for decades [1] - [3] . Consumption of fruits and vegetables reduce risk of diseases such as Type II diabetes, cardiovascular diseases (CVD), certain cancers, kidney stones and obesity [4] - [6] . Fruits and vegetables are relatively low in calories but rich in certain nutrients and fiber [7] - [9] . In Countries like North America, cardiovascular disease is a leading cause of death and may be due to factors such as tobacco smoking, alcohol consumption, salty food and high fat diet. Epidemiological studies have established a negative relationship between consumption of fruits, vegetables and cardiovascular diseases [10] - [13] . In Saudi Arabia and other Middle East countries CVD is a widespread problem. It is the leading cause of mortality and in most hospitals in this country beds are occupied by patients suffering from CVD [14] - [16] . Obesity is highly prevalent in Saudi Arabia. In a Population based study, Al-Nuaim et al. [17] , found that obesity in Saudi Arabia was 15% and 24% for male and female subjects over the age of 15 years, respectively. Serum lipids and lipoproteins are important indicators and play important roles in the development of CVD [18] . Hypercholesterolemia, high levels of serum triglycerides (TG), high levels of serum low-density lipoprotein cholesterol (LDL) represent increased risk of CVD [19] [20] and are usually used as indicators. Consumption of fruits and vegetable (FV) has been associated with low risk mortality from non-communicable diseases such as hypertension, cardiovascular diseases, stroke, diabetes and coronary heart diseases [4] [6] . Several constituents of FV such as antioxidants, vitamins, minerals and other phytochemical compounds may be involved in the protection by mechanisms such as reducing oxidative stress and inflammatory markers and improving homeostasis regulation, lowering blood pressure and increasing insulin sensitivity [5] . Epidemiological studies have linked tea (Camellia sinensis) consumption with prevention of heart diseases [21] : obesity and diabetes [22] , and many other disorders. Green tea has gained attention in research studies due to its contents of a group of flavonoids specially catechins that include epicatechin (EC), epicatechin gallate (ECG), epigallocatechin (EGC) [23] and epigallocatechingallate (EGCG) [24] . These catechins have strong antioxidant properties and free radical scavenging activity, antimicrobial and antiviral agent [25] [26] . Many studies have shown that green and black teas have anticholesterolemic effect [27] [28] modulation of plasma lipid profiles [29] and enhancing vasodilatation [30] , increasing fatty acid oxidation and insulin sensitivity. Pears (Pyruscommunis) gained popularity among consumers due to its good taste and high digestibility. Pears have high soluble phenolic content and high antioxidant activity particularly in the peel extracts [31] . The phenolic compounds in pears are chlorogenic acid, p-coumaroylquinic acid, p-coumaroylmalic acid, dicafeolquinic acid, catechin, epicatechin proanthocyanidins, quercetin derivatives, isorhamnetin, and kaemferol [32] [33] . In the other hand peaches (Prinuspersica) are appreciated by consumers [34] . Peaches possess beneficial properties for human and have high contents of Phenolic compounds, flavonoids, vitamin C and anthocyanins which may act as antioxidants. [35] . Sucrose is naturally found in many foods and is the most common sweetener when added to the human diet. There is high concern regarding derivation of high proportion of the daily energy from simple sugar especially in the modern diet. It was found that this will increase the risk of excess weight gain, dental caries, type 2 diabetes and cardiovascular diseases [36] . Sucrose rich diet has been proven to be lipogenic and elevate the level of triglycerides (TG) in the liver and heart. Continuous consumption of sucrose rich diet (SRD) resulted in hypertriglyceridemia and hyperglycemia [37] - [39] . The present study was undertaken to investigate the effect of high sucrose diet on modulation of lipid metabolism on rats and attempted to elucidate the effect of peaches, pears and green tea on plasma lipid profile and plasma antioxidant activity in rats fed high sucrose diet.
Materials and Methods

Animal Model and Diet
Male adult Wistar rats five weeks old weighing between 150 -200 g were used in the present study. All experiments and study was approved by the Institutional Animal Ethics Committee (IAEC) of Qassim University, Saudi Arabia, regulated by the Committee for the Purpose of the Control and the Supervision of Experiments on Animals (CPCSEA). The animals were housed in polyacrylate cages (38 × 23 × 10 cm) with not more than four rats per cage. They were housed in an air-conditioned room and kept in standard laboratory conditions under standard light and dark cycles (12 h light and 12 h dark) and maintained at an ambient temperature of 25˚C ± 2˚C. The animals were fed standard pellet diet) and water ad libitum. The composition of the rat chow is shown in Table 1 .
Control-diet group was provided with basal diet while the second group (positive control) consumed sucroserich diet only. The sucrose rich diet was prepared from 650 g of the basal diet +350 g of commercial sucrose obtained from supermarkets. Peels and pulp of pears and peaches were collected and dried at 45˚C till reached constant weight. Aqueous fruits and green tea extracts were prepared (10%) every day and supplied twice daily in drinking water for the green tea, peaches and pears groups. The sucrose-rich diets are supposed to induce hypertriglyceridemia and hypercholesterolemia.
Experiment Design
The animals were divided into 7 equal groups, ten each, and they were subjected to such diet to induce hyperlipidemia, as follows: 1) 1st group was Negative Control (normal animals), the animals were fed standard pellet diet without any additions.
2) 2nd group was the positive Control, which was fed with a high sucrose diet.
3) 3rd group was fed with the same high sucrose diet with pear's pulp extract. 4) 4th group was fed with the same high sucrose diet and pear's peel extract. 5) 5th group was fed with the same high sucrose diet and extract of the pulp of the peach. 6) 6th group was fed with the same high sucrose diet and extract of peel of peach. 7) 7th group was fed with the same high sucrose diet with green tea extract. Acclimatization period continued for 7 days. The experimental period continued for 6 weeks.
Blood Collection
Blood was collected from the retro-orbital plexus under mild ether anesthesia in heparinized centrifuge tubes and then centrifuge at 3000 rpm for 30 min. The resultant clear supernatant was collected and stored at −20˚C. Red blood cells were rinsed three times with isotonic solution of NaCl (0.9%) and centrifuged for 10 min at 3000 g. The supernatant was discarded and the red blood cells were processed. Sedimented cells were hemolysed with 9-fold volume distilled water to prepare 10% (v/v) hemolysate. Hemoglobin (Hb) concentration, packed cell volume (PCV), red blood cells (RBC) were determined by the Abbott Cell Dyn® 3500 (Abbott Diagnostic Division, California (USA).
Biochemical Assays
The collected plasma was used to evaluate lipid peroxides. Malondialdehyde (MDA) was determined according to the method of Lukaszewicz-Hussain & Moniuszko-Jakoniuk, [40] . The activities of aspartate aminotransferase (AST), alanine aminotransferase; (ALT) were determined by the method of Reitmanand Frankel [41] and the concentrations of total proteins by the method of Bradford [42] and albumin was determined using standard diagnostic kits (Reckon Diagnostic Ltd., India).
Total cholesterol (TC) was determined according to the method of Tietz [43] , Triglyceride (TG) by the method of Davidson and Henry [44] , High density lipoproteins (HDL-C) were determined by the method of Grillo et al. [45] , using standard diagnostic kits (Reckon Diagnostic Ltd., India). Low density lipoprotein (LDL-c) was determined using Fridwald's formula.
Total antioxidant status (TAS) weredetermined using a standard kit (Span Diagnostic Pvt Ltd., India). From the sample of heart tissue, homogenate lipids were extracted using the method of Folch et al. [46] . To a known volume of tissue homogenate, 10 ml of chloroform:methanol mixture (2:1) was added and mixed well for 30 min using a mechanical shaker and filtered through Whatman filter paper (No. 42) into a separating funnel. The filtrate was mixed with 0.2 ml of physiological saline, and the mixture was kept overnight undisturbed. The lower phase containing lipid was drained off into a pre-weighted beaker. The upper phase was re-extracted with more of chloroform-methanol mixture and the extract was pooled and evaporated under vacuum at room temperature. The lipid extract was re-dissolved in 3 ml of chloroform methanol (2:1) mixture, and these collected aliquots were used to estimate the Triglyceride (TG) and were determined using standard diagnostic kits (Reckon Diagnostic Ltd., India).
Histological Examination
After decapitation, the heart was rapidly dissected out, washed immediately with saline, Two samples of heart tissues were taken from all groups and quickly labeled. One sample of heart tissues was stored deep-frozen (−20˚C) until used for assays of triglycerides. Other samples were fixed in 10% buffered formalin. Hearts, which were stored in 10% formalin, were embedded in paraffin; sections cut at 5 μm and stained with haematoxylin and eosin. Sections of the heart were analysed microscopically (Olympus BX10) for histological changes.
Statistical Analysis
Results are presented as mean ± SEM. Two-way analysis of variance (ANOVA) followed by Bonferroni multiple comparisons using a computer-based fitting program (Prism, GraphPad). Differences were considered to be statistically significant when P < 0.05.
Results
Body Weight
Increase in body weight at the end of the experimental period in the different treatment groups are presented in Figure 1 . There was no statistically significant difference between the groups.
Levels of Triglycerides in Heart Tissues
Levels of triglycerides in heart tissues are shown in Table 2 . Levels in the negative control, positive control, pulp of peaches, peel of peaches, pulp of pears, peel of pears and green tea are 194.14 ± 4.35, 269.72 ± 5.39, 201.5 ± 2.95, 187.43 ± 3.63, 210.37 ± 3.14, 166.52 ± 32.77, 164.97 ± 3.36 µg/g respectively. The level was statistically (P ≤ 0.05) higher in the positive control when compared with all other groups. The lowest level in all groups was the level in the group that received green tea followed by the group that received peel of pears. As can be seen that the pulp of both pears and peaches scored higher non-significant levels of heart triglycerides when compared with the negative control.
Levels of Cholesterol, LDL, HDL, Triglycerides, Albumin and Total Proteins in Plasma Cholesterol
Levels of cholesterol, LDL, HDL, triglycerides, albumin and total proteins are presented in Table 3 . The level of cholesterol in the negative control group was 103.33 ± 1.8 mg/dl that level was found to increase significantly P ≤ 0.05 to 136.67 ± 2.2 mg/dl in the positive control group. Different treatments lowered significantly (P ≤ 0.05) the level of cholesterol when compared with the positive control group. The best lowering of plasma cholesterol was recorded in the group that received green tea (70.15 ± 1.14 mg/dl) followed by the group that received peel of peaches and then peel of pears (78.88 ± 2.6 and 99.74 ± 0.85 mg/dl respectively).
Triglycerides
The level of triglycerides in the plasma is shown in Table 3 . The level's in the negative control, positive control, .65 mg/dl respectively. All treatments decreased significantly (P ≤ 0.05) the levels of triglycerides when compared with the positive control that received sucrose without any treatment. The best decrease was reported in the group that received green tea.
HDL Levels
The level of HDL in the negative control, positive control ,pulp of peaches, peel of peaches, pulp of pears, peel of pears and green tea are 60.5 ± 0.43, 61.0 ± 0.82, 60.7 ± 0.88, 60.8 ± 0.6, 60.4 ± 0.42, 62.0 ± 0.45 mg/dl respectively. There were no statistically significant differences between different groups when compared with the positive control group despite a non-significant increase in the level of HDL in the group that received green tea.
LDL Levels
The level of LDL in the negative control was 26.6 ± 5.01 mg/dl and in the positive control it increased significantly to 64.6 ± 6.5 mg/dl. All treatments resulted in significant decreases in the levels of LDL, with green tea producing the best lowering effect followed by peel of peaches and then peels of pears.
Total Plasma Proteins and Albumin
Ascan be depicted from Table 3 , different treatments resulted in no significant differences in both the levels of total proteins and albumins.
Malondialdehyde (MDA), Reduced Glutathione, TAS in Plasma and Antioxidant Enzymes in RBCS Hemolysatein Rats
Levels of MDA, reduced glutathione, antioxidant enzymes and total antioxidant status in rats are shown in Table 4.
MDA Levels
The level of MDA in negative control group was 5.06 ± 0.18 µmol/L that increased (P ≤ 0.05) in the positive control group (14.81 ± 0.48 µmol/L). All treatments produced significant decrease in the levels of MDA. The best reduction as presented in Table 4 is achieved in the group that received green tea followed by peel of peaches, pulp of peaches. Significant reduction was also produced by peel and pulp of pears.
Total Antioxidant Status (TAS)
The levels of TAS in the plasma of rats in the different groups is shown in 13.58 ± 10.28, 7.02 ± 0.34 nmol/L. All of the treatments increased the level of TAS significantly, however, the highest increase was produced by the peel of pears followed by the group of green tea.
Reduced Glutathione (GSH)
The levels of reduced glutathione in the negative and positive control groups are 9.03 ± 0.12 and 7.45 ± 0.36 mmol/L respectively. Different treatments increased the level of GSH when compared with the positive control as presented in Table 4 . The best increase was produced by green tea followed by peel of pears and then peel of peaches.
Antioxidant Enzymes
Activities of the antioxidant enzymes, supper oxide dismutase (SOD), Glutathione peroxidase (GSHx) and Catalase in the RBCS hemolysate of rats of the different groups are presented in Table 4 .
Activities of SOD
Activities of SOD in the negative and positive control groups are 8.96 ± 0.19 and 4.7 ± 0.2 U/g Hb respectively. Different treatments produced increase in the activities of SOD. Green tea resulted in the highest significant increase (P ≤ 0.05) followed by peel of peaches group and then peel of pears.
Activities of GSHx
Activities of GSHx in the negative and positive control groups are 315.67 ± 5.86 and 273.83 ± 7.85 U/g Hb respectively. Administration of fruits and tea resulted in significant increases in the activities of the enzyme. The highest increase was in the green tea group followed by the group that received peel of peaches and then the group treated with peel of pears.
Activities of Catalase
Activities of Catalase in the negative and positive control groups are 209.17 ± 2.18 and 207.0 ± 2.53 U/g Hb. There was no significant difference in the activities of the enzyme in the two groups. However, only administration of green tea resulted in a significant increase in the activity of the enzyme (228.75 ± 3.66 U/g Hb).
Activities of Liver Enzymes
The activities of Alanine transaminase (ALT) and Aspartate aminotransferase (AST) were measured in the sera of different groups as presented in Table 5 .
The Activities of Alanine Transaminase (ALT)
The activities of the enzyme in the negative and positive control were 28.9 ± 1.4 and 77.6 ± 3.9 IU/L respectively. There was a significant increase in the activity of the positive control when compared with the normal negative control rats. Administration of green tea, peaches and pears resulted in lowering of the elevated enzyme activity with best lowering with green tea. However, lowering of enzyme activity produced by pulp of pears was not significant.
The Activities of Aspartate Aminotransferase (AST)
The activities of the enzyme in the negative and positive control were 22.5 ± 3.7 and 77.5 ± 4.4 IU/L respectively. Administration of green tea, peaches and pears resulted in reduction of the activities of AST, again the best reduction was produced by green tea.
Histopathological Changes
The histopathological changes are presented in Figure 2 and explained in Table 6 .
Discussion
The aim of the present investigation was to study the effect of feeding high sucrose diet on plasma lipid profile, plasma antioxidant activity, antioxidant enzymes in RBC hemolysate general health conditions of rats and also attempted to study the effect of syrup of peaches and pears (peel and pulp) & green tea on the restoration of the changes produced by feeding high sucrose diet. Previous studies indicated that sucrose is lipogenic and induced hyperlipidemia [38] . Sucrose in the present study was found to induce hyperlipidemia as there was a significant (P ≤ 0.05) increase in the levels of cholesterol, TG and LDL, liver enzymes (ALT, AST) in plasma and in the TG levels in the hearts of rats that received sucrose only without supplementation. Administration of sucrose in the diet also resulted in elevation of lipid Peroxides (MDA) and reduction in the activities of SOD, GSH-Px, CAT and a decrease in the concentration of the natural antioxidant reduced glutathione in plasma Also administration of sucrose resulted in histopathological changes in heart tissues that may be mainly due to liberation of lipid peroxides (MDA). MDA is a secondary product of lipid peroxidation and is known to cause damage to the cell by making cross linkage of membrane components containing amino groups and make the membrane fragile [47] . However, administration of fruits syrup and green tea resulted in a significant reduction in the elevated levels of cholesterol, TG and LDL and TG in the heart. Green tea produced the best lowering effect and restored all other affected parameters to almost normal values. Green tea is non-fermented tea. It contains catechinepicatechin, epicatechin gallate, epigallocatechin, and epigallocatechingallate [23] . It was reported that green tea reduced hyperlipidemia and reduced fat storage in the heart of rats that received high sucrose diet .This was achieved by the finding that green tea prevented or reduced the absorption of fat [29] .
Results obtained in the present study confirmed the previous results of Kono, et al. [27] and Stensvold et al. [28] , who reported that consumption of green tea inversely correlated with plasma cholesterol concentrations. For all these reasons green tea may modulate lipid metabolism and that may be through regulation of lipid absorption and/or enhancing antioxidant status as can be seen in Table 4 . There was an increase in the level of Figure 2 . Pathological changes in heart tissues following intake of high sucrose diet and treatments with fruit extracts (H &E ×200). Table 6 . Pathological changes in the different groups.
Groups
Pathological changes
Negative control showing normal architecture of the cardiac muscle fibers with small rounded central nuclei. (Figure 2(a) )
Positive control showing marked separation of cardiac muscle fibers with diffuse haemorrhage and congestion in the cardiac muscle fibers. (Figure 2(e) ) pulp of peaches Myocardium, showing moderate haemorrhage in the cardiac muscle fibres. (Figure 2(f) )
Peel of peaches Mild separation of cardiac muscle fibers with mild haemorrhage and congestion blood vessels. (Figure 2(d)) pulp of Pears Showing mild separation of cardiac muscle fibers with mild haemorrhage and congestion blood vessels. (Figure 2(c) )
Peel of pears (spoiled)
Green tea Showing normal architecture of the cardiac muscle fibers mild haemorrhage and fibrosis. Some nuclei are degenerated and other are PyKontic. (Figure 2(b)) TAS and GSH and an increase in the HDL and a decrease in the concentration of LDL ( Table 3 ). The increase in the level of reduced glutathione is important because GSH is the most important non-protein thiol (-SH) in living organisms and perform a central role in coordinating the body's antioxidant defense process. It is involved in the maintenance of normal cell structure and function, probably through its redox and detoxification reactions. GSH levels were lowered in rats that received sucrose without fruits and green tea, and they were near to normal on treatment with fruits and green tea. Another important finding in the present study was the increase in the concentration of malondialdehyde (MDA). Results in the present study showed a significant increase (P < 0.05) in MDA level (14.81 ± 0.48 µmol/l) in rats that received sucrose only compared to 5.06 ± 0.18 µmol/l in the normal control group. MDA is a secondary product of lipid peroxidation and is known to cause damage to the cell by making crosslinkage of membrane components containing amino groups and make the membrane fragile [47] . Fruit and vegetables have long been known for their health benefits and in preventing various prevailing diseases such as cancers and age-related diseases [48] . It was reported in previous studies that pears, peaches and apples are rich sources of poly phenols, phenolic acids, caffeic, p-coumaric, ferulic acids and TRAP value (total antioxidant capacity [49] . Marcia et al. [50] found that total phenolic content are very high in these fruits and had high antioxidant activity. The presence of such compounds may explain the beneficial effect of these fruits against most ill effects produced by feeding high sucrose as exemplified by hyperlipidemia such as hypercholesterolemia, triglyceridemia. Pears and peaches (peel &pulp) are found to be beneficial. Pears are found to be superior to peaches in this respect. This may be explained by the fact that the total phenolic contents were found to be 228.5 ± 0.74 mg gallic acid equivalents/100 g fresh weight of pears fruit juice. Pears were found to contain many other bioactive substances such as total flavonoids, carotenoids, betalains, total, soluble, insoluble dietary fibers and taurine [51] . In both pears and peaches, peels were found to be more effective in restoring lipid profile when compared with the pulps of these fruits. This is in agreement with the findings of Gorinstein et al. [52] and Bocco et al. [53] , that Peels of fruits is one of the major sources of natural antioxidants Some authors even proposed to use the by-products of juice extraction industry as natural source of dietary fiber and antioxidants [53] . Generally Fruits are considered to have antioxidant, hypoglycemic, hypocholesterolemic and antiatherogenic properties due to their positive effects on the redox balance, prevent oxidative damage, lipid peroxidation and improve antioxidant status in consumers.
Conclusion
It can be concluded from the present study that feeding syrup of pears and peaches (pulp & peel) and green tea increased the antioxidant capacity and can scavenge reactive oxygen species which resulted in reduced Hypercholesterolemia, hypertriglyceridemia, lipid peroxidation (MDA), improved the activities of antioxidant enzymes (SOD, GSH-Px) and Catalase and blood reduced glutathione and plasma aminotransferases (ALT, AST) and plasma urea. Moreover, histopathological examination of the heart tissue showed signs of recovery from separation of cardiac muscle fibers, diffuse haemorrhage and congestion. Thus it can be concluded that administration of pears, peaches and green tea can protect from oxidative stress generated by feeding high sucrose diet and in this respect green tea produced the higher improvement followed by peels of pears and peaches.
